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INTRODUCTION
Ultrasound (US) and US-guided fine needle aspiration biopsy (US-FNAB) are well-known trustworthy diagnostic tools for cervical metastasis of differentiated papillary thyroid cancer (DPTC) by preoperative cytological analysis and recurrence after thyroid surgery. [1] [2] [3] [4] Moreover, in addition to fine needle aspiration biop-ng/mL in nonmetastatic lymph nodes. 3, 7 The lowest limit of the Tg measurement was designated as 0.2 ng/mL for analytical sensitivity and as 0.7 ng/mL for functional sensitivity, calculated with the imprecision profile for a coefficient of variation equal to 20%.
Of all 691 patients with 702 lymph nodes, 557 lymph nodes in 554 patients were excluded because they had higher (>100 ng/mL) or lower (<0.2 ng/mL) Tg values. Fifty lymph nodes in 45 patients from 145 lymph nodes in 137 patients were also excluded due to the absence of histologic confirmation. Finally, 95 lymph nodes in 92 patients made up this analysis. All 92 patients had no prior surgery with cytologically confirmed papillary carcinoma.
Imaging evaluation and ultrasound-guided fine needle aspiration and Tg test US evaluation of cervical lymph nodes was undertaken using a 7-to 15-MHz linear array transducer (HDI 5000; Philips Medical Systems, Bothell, WA, USA) and a 5-to 12-MHz linear array transducer (iU22; Philips Medical Systems). Compound imaging was performed in all cases.
We performed US-FNAB of lateral lymph nodes with US features suspicious for metastases at our institution. Suspicious US features of lymph nodes included the loss of fatty hilum, cystic change, calcification, hyperechogenicity (higher echogenicity than the surrounding muscles), and round shape (long/transverse diameter ratio <1.5). 2, [19] [20] [21] [22] [23] However, we did not perform US-FNAB of central lymph nodes with suspicious US features in patients who were scheduled for thyroidectomy because routine central lymph node dissections were performed at the time of thyroidectomy.
US-FNAB was performed by one of three radiologists, K.E.K., K.J.Y., and K.M.J., who have 10, 6, and 4 years of experience in thyroid imaging, respectively, and who were aware of the patients' clinical history. US-FNAB was performed with a 23-gauge needle attached to a 2-mL disposable plastic syringe. Each lesion was aspirated at least twice. The materials obtained from FNAB were smeared on glass slides. 24 All smears were placed in 95% alcohol for Papanicolau staining and the remaining aspirates in the syringe and needle were rinsed with normal saline and 1 mL of rinsed washout was submitted for Tg measurements (FNAB-Tg). Positive cytology was defined as a metastatic lymph node of thyroid carcinoma, and negative cytology included benign cytology such as reactive lymph nodes or other benign lymphadenitis and paucicellular cytology due to insufficient material. 2, 3 sy cytology (FNAC) examination, thyroglobulin (Tg) measurements from FNAB washout fluid have been reported as an important supplemental tool for diagnosis of metastatic thyroid cancer with excellent diagnostic performance. 2, 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] However, various threshold Tg values have been reported. 2, 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 16, 17 That is because Tg values are represented as a wide range in metastatic and nonmetastatic lymph nodes and the different techniques of FNAB-Tg measurements were used with different analytical and functional sensitivity. 3, 6, [8] [9] [10] [11] 13, 14, 17 We suggested 10 ng/mL as a positive (metastatic lymph node) reference or 1 ng/mL as a negative reference (nonmetastatic lymph node) for the threshold value. 3 In cases of Tg values lower than 10 ng/mL, recommendation by clinical occasion and imaging was proposed. 3 However, in a previous study, 3 there were too few cases with indeterminate Tg values covered between nonmetastatic and metastatic lymph nodes to verify the statistical significance of diagnostic potential. To the best of our knowledge, research into the diagnostic performance of Tg measurement in a large series with an indeterminate range (0.2-100 ng/ mL) has rarely been reported. Therefore, in this study, we intended to compare the frequency of metastatic and nonmetastatic lymph nodes diagnosed by FNAC and FNAB-Tg in an indeterminate range (0.2-100 ng/mL) and to identify the most appropriate threshold value of FNAB-Tg.
MATERIALS AND METHODS
The institutional review board approved this retrospective observational study and required neither patient approval nor patient informed consent for the review of their images and records.
Patients
From January to December 2008, 691 consecutive patients underwent FNAB and FNAB-Tg measurement for suspicious metastatic cervical lymph nodes of papillary thyroid carcinoma at our institution. Informed consent was obtained from all patients before FNAB.
Indeterminate range of FNAB-Tg measurements
In the published literature, there were no known false positives with Tg levels higher than 100 ng/mL. 2, 3, [6] [7] [8] [9] [10] [11] [12] [13] [14] 17 As such, the positive predictive value was 100% with Tg levels higher than 100 ng/mL, so we included the Tg levels lower than 100 were compared. Each Tg threshold value was then compared with the threshold value with the highest AUC in diagnostic performances. Statistical differences between AUC values were evaluated by the method from the DeLong, et. al. 25 report. Statistical analyses were conducted with SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
RESULTS

FNAC/FNAB-Tg vs. final diagnosis
On FNAC, seventy-eight lymph nodes had negative cytology and seventeen lymph nodes had positive cytology. Upon final diagnosis, 42 (44.2%) lymph nodes were metastatic and 53 (55.8%) lymph nodes were nonmetastatic. In negative cytologic results, the frequency of metastatic lymph nodes was 32.1% (n=25) and that of nonmetastatic lymph nodes was 67.9% (n=53); in positive cytologic results, they were 100% (n=17) and 0 % (n=0), respectively (p<0.0001). Of the 78 cases with negative cytology, 25 cases (32%) were confirmed as metastases by surgery. Fourteen (56%) among these 25 had negative cytology, and the remaining eleven cases (44%) had paucicellular cytology deemed as negative cytology. The diagnostic performance of FNAC was as follows: sensitivity, specificity, PPV, NPV, accuracy, and AUC were 40.5, 100, 100, 67.9, 73.7, and 0.70 (95% CI, 0.6273-0.7775), respectively.
Tg levels of metastatic and nonmetastatic lymph nodes upon final diagnosis are shown in Fig. 1 . The AUC is 0.799 (95% CI, 0.7063-0.8949). The value of FNA-Tg ranged from 0.22 to 90.9 ng/mL in metastatic lymph nodes (mean, 34.3±33.3 ng/mL) and 0.20 to 56.7 ng/mL in nonmetastatic lymph nodes (mean, 4.9±11.1 ng/mL). There was a significant difference between metastatic and nonmetastatic lymph nodes (p<0.0001). Table 1 shows the diagnostic performances in six diagnostic threshold values of FNAB-Tg. 10.0 ng/mL of FNAB-Tg had a good diagnostic performance with sensitivity, specificity, and accuracy as 59.5, 86.8, and 74.7, respectively, with 0.73 of AUC (95% CI, 0.6435-0.8197). The most excellent diagnostic performance was displayed in 5.0 ng/mL of FNAB-Tg with 0.76 of AUC (95% CI, 0.6731-0.8476), sensitivity, specificity, and accuracy as 69.0, 83.0, and 76.8, respectively; however, it was not significantly different from 10.0 ng/mL and 20.0 ng/mL in terms of sensitivity, specificTg was assayed with a monoclonal antibody immunoradiometric assay (IRMA; CIS Bios international, Gif-survYvette, France). FNA washout samples were not assayed for Tg autoantibodies because previous studies have reported that FNAB-Tg measurements were not affected by serum autoantibodies. 10, 11, 17 The smallest detectable Tg concentration different from zero with a probability of 95% was designated as 0.2 ng/mL. The diagnostic performances of multiple Tg levels (0.7, 1.0, 5.0, 10.0, 20.0, 50.0) were evaluated.
Comparison of diagnostic performances
Surgical protocol and histopathological analyses
When cytology results revealed positive cytology in lymph nodes, an unilateral modified neck dissection was performed as the initial thyroid surgery. However, a selective frozen section was performed as the initial thyroid surgery in patients with lymph nodes with suspicious US features but negative cytology. A selective dissection was done in patients who had already undergone a total thyroidectomy.
We evaluated the final results of the aspirated lymph nodes in a level-by-level analysis, and compared them to the pathology reports. On pathologic results, positive lymph nodes were defined as metastatic and negative lymph nodes were defined as nonmetastatic.
Statistical analyses
The reference standards were set by the pathology results of the lymph node dissection. The Chi-square test was used to compare the frequency of positive and negative lymph nodes diagnosed by FNAC and by FNAB-Tg in an indeterminate range (0.2-100 ng/mL) when the threshold value was designated as 10 ng/mL as suggested by prior studies. 3, 9, 10, 17 The statistical difference in Tg measurements of metastatic and nonmetastatic lymph nodes in the final diagnosis was assessed by Wilcoxon rank-sum test because these measurements had no normal distribution. The diagnostic performance, including sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV), was evaluated. Receiver operating characteristic (ROC) curve analysis was performed to assess the appropriate threshold value of FNAB-Tg levels for multiple diagnostic threshold values of Tg. The area under the ROC curve (AUC) and the 95% confidence interval (CI) were also calculated. If the given Tg value was larger than the respective threshold Tg value, it was deemed a positive Tg value.
Using the generalized estimation equation method, the diagnostic performances (sensitivity, specificity, accuracy, PPV, and NPV) of each threshold value mentioned above confirmed as metastases upon final diagnosis (32%). In these 25 cases, FNAB-Tg ranged from 0.22 to 88.34 ng/mL. Although seven cases were categorized as a negative Tg value by all six threshold values, 13 cases (52%) were categorized as a positive Tg value by 10 ng/mL, 15 cases (60%) by 5 ng/mL, 18 cases (72%) by 0.7 or 1 ng/mL, and eight cases (32%) were categorized as a positive Tg value by all six threshold values.
DISCUSSION
Taking Tg measurements from FNAB washout fluid was proposed by Pacini, et al. 16 for the early detection of cervical lymph node metastases in DPTC, and they reported that ity, accuracy, PPV, NPV, and AUC (p>0.05). Between comparison with Tg threshold 10 ng/mL, the specificity and PPV of 0.7 ng/mL and 1.0 ng/mL were significantly lower and the sensitivity of 0.7 ng/mL and 1.0 ng/mL was significantly higher (p<0.05). The accuracy of 0.7 ng/mL was significantly lower (p<0.05). The sensitivity and NPV of 50.0 ng/mL were significantly lower (p<0.05). In the AUC, there was no significant difference between 10 ng/mL and other Tg values. Compared to the Tg threshold of 5.0 ng/mL, which had the highest AUC, the specificity, accuracy, PPV, and AUC of 0.7 ng/mL and 1.0 ng/mL were significantly lower (p<0.05). The sensitivity and NPV of 50.0 ng/mL were significantly lower (p<0.05).
Among the 78 cases with negative cytology, 25 cases were 
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cluded an overlapped range between nonmetastatic and metastatic lymph nodes. However, a Tg value with less than 0.2 ng/mL and more than 100 ng/mL can be straightforwardly classified as nonmetastatic and metastatic lymph nodes, respectively. Therefore, if the aforementioned ranges (<0.2 ng/mL and >100 ng/mL) were included, the AUC would be much higher than in the previous studies. 3, 6 There were limitations to this study: first, there was no evaluation of diagnostic accuracy when the prespecified threshold values were combined with FNAC or directly compared with FNAC. We did not include the combination with FNAC because it can affect the diagnostic accuracy of FNAB-Tg. According to published reports, 2,3,5-8,10-14,16 when FNAC was combined with FNAB-Tg, its sensitivity was increased to 96-100%. However, we would like to focus on assessing the complementary role and appropriate cutoff value for FNAB-Tg itself. Second, we did not compare the metastatic lymph nodes with higher FNAB-Tg and those with intermediate or lower FNAB-Tg. Further study of the details of the histology or prognosis of the metastatic lymph nodes at this level of FNAB-Tg value will be necessary to overcome this limitation. Third, even though we used 1 mL rinsed washout with normal saline, there may be a difference in the delicate diluted concentration of the washout. A more accurate quantitative analytic method should be developed to compensate for this limitation. Fourth, even though a recent study 17 using measurements of FNAB albumin reported interference by the serum Tg can be negligible to FNABTg results. However, this report 17 showed much higher levels of FNAB-Tg measurements than did the present study. The negligibility of interference by the serum Tg in the low or intermediate FNAB-Tg measurements in this study must be solved by further investigation. Lastly, our study was retrospective, and we recruited cases with histologic confirmation, so we could not evaluate changes in surgical strategy based on FNAB-Tg results and also did not correlate or compare FNAB-Tg with corresponding serum Tg levels. Further study will be necessary to clarify these limitations.
In conclusion, we ascertained that 5 ng/mL had the most excellent diagnostic performance among FNAB-Tg levels in the present setting with a large series with an indeterminate range (0.2-100 ng/mL) of FNAB-Tg values. However, these results also need additional confirmation under different laboratory conditions, because there were no significant differences between the results for 5 and 10 ng/mL. Neck node dissection should be considered when FNAB-Tg is higher than this threshold value, regardless of FNAC results, its use in combination with FNAC had better diagnostic performance than FNAC alone. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 16, 17 Many studies have reported an increased sensitivity of FNAB-Tg. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 16, 17 FNABTg could contribute especially to the diagnosis of poor cellular material obtained from cystic metastasis. 12 However, various threshold values have been suggested, 2, 3, [6] [7] [8] [9] [10] [11] [12] [13] [14] 16, 17 partly because the indeterminate Tg ranged cases (0.2-100 ng/ mL) showed a prevalence too low to provide statistically significant results. Tg also can be detected in FNAB washout fluid from even nonmetastatic lymph nodes in the presence of a thyroid gland and Tg can have a wide range in nonmetastatic and metastatic lymph nodes. Moreover, various techniques of FNAB-Tg assay were used with different analytical and functional sensitivities. 3, [8] [9] [10] [11] 14, 17 Although one study 3 included the largest numbers of patients among the published literature, there were only 22 cases (13.1% of 168 cases) with indeterminate Tg values, which may be covered between nonmetastatic and metastatic lymph nodes to verify the statistical significance of diagnostic potential. In the published studies, it is difficult to estimate the exact number of cases with an indeterminate range of Tg values in each study. However, the current study included more than four times the number of cases with an indeterminate Tg range than the prior study 3 with the largest population among all those published on this subject. 3, 8 In most prior studies of the wide range of FNAB-Tg, the mean+2 standard deviation, 3, 10, 12, 14, 16 the mean+standard deviation, 11 10 ng/mL, 3,9,10,17 and more than serum Tg 2,3,7,8 have been reported as threshold values that differentiate nonmetastatic from metastatic lymph nodes. Only one study reported 1 ng/mL as a threshold value, 6 and another designated it as 0.9 ng/mL. 13 However, these studies covered a wide range of FNAB-Tg including over 100 ng/mL. 3, [6] [7] [8] [10] [11] [12] [13] [14] 17 The cutoff values suggested were determined by the extreme end of the wide spectrum of FNAB-Tg values rather than the indeterminate values.
In Kim, et al's. 3 report, the Tg threshold value was suggested as 10 ng/mL to differentiate nonmetastatic and metastatic lymph nodes. With a large series of indeterminate ranges, 5 ng/mL showed the highest AUC (0.76; 95% CI, 0.6731-0.8476) and there was no significant difference from 10 ng/mL; however, three levels including 0.7, 1.0, and 50.0 ng/mL were not recommended due to low AUC and sensitivity. In the present study, the overall AUC of FNAB-Tg was 0.799. This result was not so high compared to the AUC (0.955-0.999) of the previous studies. 3, 6 This is because the Tg measurements of the present study only in-
